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Abstract
‘J’llis paper  ddcrtnincs mc)clcl ~)crforlllarlcc  l~rdictioIl

accaracy as a faaction of loodcl f idel i ty  for  a  cornplcx
ol)to-rncchanical syskn. ‘1’IIc test ar t ic le  is  tile klicro-

I’rwision Illtcrferumctcr  tcstl)d; a  grootld-l)ascd ttarcl-
ware rnodcl o f  a fotarc sl)accl)orllc illterfcrolnctcr. ‘J’IIc
pri[nary modeling tool is the IIltcgrald Modclitlg of OIJ-
tical Systmns (IMOS) pac.kagc.  ‘J’hrcc lll~clcls  o f  tllc N!l’1
tcstbccl were  created for  th is  study; cacll  with a utiiqae
optical and structural model fidelity. ‘l’lie lml)cr  collll~arcs
distarballce traasfcr follctio]l l)rccIictiolls  froln tllc tflrcc
rnodcls with measured clisturl)ance tralisfcr forlctiolls frolil
tlic h a r d w a r e  tcstbccl. I{malts sLIggcst Iacaaitlgful lIIoclcl
IJreclictioll  errors exis t  wllcn  sittll)lc IIlodels  a r c  u s e d  t o
rcl)rcscllt a  complex  o~)~o-lllccllallical  systcltl. IIowewr,

~nodest  itlcrcascs ia lnodel f idel i ty  call  le:id to sigtlificallt
iml)rovclncat.

1 . Introduction
l)iscovcry of earll-lih r)lal~ets  aroal)d otllcr stars re-

quires all iast rume~lt  with IIlicro-arcsccol lcl ast rcjlnct, ric
]ncasurcmentl accaracy [1, 2]. S1mccborllc  ol)tical ititcrfcr-
ollletcrs are likely to be ille first itls[rultlcllt class calm}~lc
of achicviag this accuracy level. Altlloagll th is  })artial-
alwrture apl)roacll offers  a  IIullll)cr  of illll)ortallt advant-
ages over the traditional fall- al]ert ure al)l)roacll  ( e.g., the
IIubhlc S})acc ‘1’clescoI)e) tflc ills[raltlclit rcqoircs stal)i-
lizatioll of  opt ica l  elements down  to tile nallolncter ICVC1
a s  w e l l  a s  l a s e r  IIletrology rmolatioll at tllc I)icolllctcr
level  [3]. ‘J’IIc charter for tile J1’1, ltlt(’rf(rol~lctcr ‘l’cclltlo-

ogy  l)rogram (1’1’1 ]) is to mitigate risk for t,fiis ol)t,ical  ill-
terferolneter missiorl class [4]. A Ilutlll)cr of ollgoillg  coIm
~)lmllcntary  activities adclress tllesc tccllllology cllallctlges.
‘J’hcse activities are: integrated lnoclelitlg  Inctllodology  dc-
vclol)lncnt  and validatioaj lndrology and vil)ratioil IIarcl-
w a r e  tcsthd devclopmellt, and ffigllt  qaalificat ion of t Ilc
iiltcrfcrorncter colnponcnts. ‘1’llougll all of tflcsc activities
a r c  n e c e s s a r y  to buy down  lnissioll risk, it is illtcgratd
]nodclillg that, ultilnately will I)c used  itl tllc rllissiotl  arid

itlstratncllt dcsig[l.

S1)accl)orllc  o~)tical  iutcrfcrc)mcter  ]noclc]s  m u s t  rcll-
rcscllt ia soIIle  forlo tllc strocturc, the o p t i c a l  e l e m e n t s ,
tllc coatrol systclns (actaator and scllsor clynamics),  and
tllc distarhallce sources. l)ctailccl models of each of these
cleI)Ic  IIts for a complex ol)to-roccllanical systeln is arl cx-
trertlcly tirtic coIlsomitlg aad c o s t l y  t a s k .  l’urthermore,
the larger  tllc II Iodcl,  tllc m o r e  unwieldy it Lecolncs t o
exercise, Coavcrscly, lower  fidelity models Itlay  take com
siderahly less  tirnc to build arid  e x e c u t e .  llowcvcr,  the
resul ts  lllay tw ia question if tlIc sillll)lc model  does  no t
accuratc]y represent the real lJrobleln. Careful corlsidcr-
atioll Inust t)c taliea to llkait~taia  Illodel ficlelity  w h e r e  i t
significantly  itnj)acts I)crforltlallcc preclictio]l ancl sillll~lify
\vllcrc  it does Ilot.

‘J’llis l)alwr qoaatifies tlic rclatioIlsliil~ hctlveea  m o d e l
l)redictioll  accuracy ancl Illodcl  fidelity for a s~)ecific com-
I)lcx ol)to-rnccllanica]  Systelrl. ‘J’IIc test a r t i c l e  i s  the
Nlicro-1’rccisioll  IIiterfcro]neter (hll’1)  tes t  bccl; a dynamic-
a l l y  and ditflc~lsiollally  rq)rcscatative harclware m o d e l
o f  a  futarc sl)accl)orllc ol)tical iaterfcro~neter ( s e e  l+’ig-
ure 1) [1]. ‘J’IIc rllodcling too] is the lrltegratccl Moclcling
of Ol)tical SysteIlls (1 N1OS) l)acliage  [5, 6]. ‘1’he iutcgratecl
Illc]delitlg  ltlethodology  coltll)iacs structural moclcliag and
ol)tica] Iilodeling withia a conlllloll soft~vare  ctlvironrncnt,.

‘J’hrec lnodels oft he M 1’1 tcstf)cd \vcre  created for this
s t u d y ;  cacll  }Vitll a utlique ol)tical  and s t r u c t u r a l  ltloclel
fidelity. I)isturbancc tralisfcr fuactioas, I[leasured f r o m
tile attaclltacat l)oiat of tllc pritnary clistarl)aace s o u r c e
(sl)acecraft rcactiorl  wheel  assemblies) to output opt ica l
selisorsj are tllc prit[lary mcasaremcnts u s e d  f o r  itlstrw
Ilictlt  pcrforlnallcc asscssi[lctlt. ‘J’llese traasfcr foactions
accaratcly dcl Jict (ia a liIlear sc~lse) the cff’cctiveacss  of vi-
I)ratioll atterlaatiorl strategies at actlicvittg IianoIneter sta-
I,ilizatioll  of o})tical  clcloents 011 a large, liglltly-clarIll)  e(l,
flcxit,lc  structarc excitccl  I)y mecllatlical vit)ratioas. ‘1’llis
I)al)er  dcscrik)cs  tllc three IIIc,dcls  and c o m p a r e s  t h e  prc-
dictccl  clisturbance t r a n s f e r  furlctions frortl  eaclt  with the
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Abstract
‘J’liis lJal)er  dctcrmincs lnodcl I~crforlllaacc l)rcdiciioll

accuracy as a function of model fidelity for a co]nl~lcx olJto-
mechaaical system. ‘1’hc test ar~iclc  is tl[c  hlicro-I)rccisiolt
lntcrferolnekr  tcstbccl; a .groutlcl-based llard~varc  Inodcl of
a future spaceborne  i)lterferolnct,cr.  ‘1’lic IIlodclillg too]  is
the lntcgratecl hlodeliag of OIJtical SyskIIIs (lMOS) l~ack-
agc.  ‘1’hrcc models of tile Ml’]  tcstl)d \vcrc  crcatd for this
st,~ldy; ~acl] \+, it,fl a un ique  ol)tical and structural Itlodcl fi-

delity. ‘1’hc I)apcr c o m p a r e s  rlistarllattce trartsfcr fottctiol)
])rdictiol[s f rom the tflrcc ]oodcls with IIleasllrd distrlr -
hancc transfer functions frolll tllc llardlvarc tcstl)d.

1 . Introduction
])iscovcry of cartll-like planets aroutld otllcr stars re-

cluircs  an illstrolnmlt wi th  Illicro-arcsccc)ltd  ast rottlct r i c
lneasuremcnt  accuracy [1, 2]. S1)accl)orlle  ol)tica! iiltcrfcr-
oloetcrs are likely to be the first iastrultlctlt c lass  cal~al)lc
of achieving tflis accuracy level. Althoug]l tl~is partial-
apcrturc apl)roach offers  a IIulill)cr  o f  iltll~ortant adval L-
tagcx over the traditional fall-aIwrturc  al~l)roacli  (e. g., tile
IIuhblc S p a c e  ‘Jklescopc)  tllc itlstrurnc[l[ reqaircs stal)i-
lizatioll  of ol)tical  Clc[ocllts  do\vJI to llJC IIalloincter  l e v e l
as well as laser lnctro]ogy resolut ion  a t  tllc ])icolnctcr
level [3]. ‘1’lIc charter for the J 1)1, llltcrfcrollIctcr ‘l’ccllIIol-
ogy l’rograin (1’1’1’) is to IIlitigate l’iSli for  this ol)tical il]-
terferomctcr mission class [4]. A llatabcr of ollgoillg  COIII-
plclllclltary activitirx acldress  tllrxc kclttIology  cltallrtlgcs.
‘1’lICSC activities are: integrated lnodeling  IIldflodology  dc-
veloplncnt and valiclation,  lllctrology  and vil)ratioll  llarcl-
w a r e  tcstbed devclol)mellt,  and fliglit  qualificatioli of tllc
illterfcrolneter coml)o~lcllts.  ‘1’lloagll all of tllcsc activities
are IIccessary to l)uy dow]i  lnissioll r isk ,  i t  i s  illtcgratd
Iooclcliug  that, u l t imate ly  wi l l  tw USC(I itl tlte IIlissioll  and
irlstrument clmigo.

Sl)acel)ornc o p t i c a l  ilkterfcrolllctcr  ltIodcls Itlust  rclj-
resmit ill solnc fornl t h e  slructurc, tllc ol)tica] clctllctlts,
the c o n t r o l  systcllls (actrlator atlcl setlsor dyllalllics), and
the disturl)ancc sources. lktailed lllodcls  of cacti  of tficsc

clc[llcrlts for a coIIIplcx  o~~to-lllccllanical  system is an ex-
t rclllcly t i[nc  colwatniilg  atld cost Iy task. l’urtlmlnorc,
tlie larger the Ioocldj t]w loorc uawieldy i t  b e c o m e s  t o
exercise. Co])vcrscly,  lolvcr  fidelity Iooclcls  may take con-
sidcral)ly l e s s  t i m e  to build  and execute. 1 Iowwvcr, the
r e s u l t s  lnay I)c ill quest, ion if the siml)le loodel does IIot
accurate ly  rcljrcsca(.  tile real prot)l  em. Careful collsicler–
atiorl loust I)e t akca to mai[it ai[l Inodd fidelity Ivherc  it
sig[tificarltly itilljacts Ixrforrnallcc I)rcdictioll allcl siml)lify
}vllerc it does IIot.

‘J’liis I)al)cr  quantifies the rclationshil) between model
l)rcdictioll accuracy slid Ioodcl fidelity for a specific com-
I)ICX c)Ijtc)-lllecllallical  systc~n. ‘J’llc tes t  ar t ic le  is  the
hlicro-1’rccisioa llltcrfcro~~ictcr  (L1l’1) testhcd; a  clynan-
ically ar~d dit[lcl]siollally rel)lese]ltativc harclwarc ]noclel
o f  a  futare space] )ornc  o p t i c a l  intcrferolneter  (see  l~ig-
urc 1) [1]. ‘l$IIC lnodcling  tool is the ll~tcgratcd  hfodcling
c)f ol)tical SystcIns (lh!OS) l)ackagc  [5, 6], ‘J’lIc i n t e g r a t e d
IIlodcliilg Inctllodology  cc~lut)iaes structural lnodclitlg  aacl
ol)tical Illodclillg witllia a col)l[lloa softlvarc c[ivironmmlt.

‘J’ltrcc rliodels of tllc h! 1’1 testhcd ~verc created for this
s t u d y ;  each  \vitll  a unique ol~tical  and s t r u c t u r a l  looclel
f i d e l i t y .  ]Jisturl)allcc trallsfcr functio~ls,  ~oeasarccl  f r o m
tllc attach lnelit ~)oillt o f  tllc ~)rimary  disturl)ance source
(s})acccraft r e a c t i o n  lvllecl  asscllll)lics) to outf)ut oI)tical
sctwors,  a r c  tlIc  ~)rittlary  rl)casurctllcnts used  f o r  iastrw
Irtcilt  Imforioa]lcc  assesslnent. ‘J’l)cxw transfer functions
accurately depict (ill a linear SC II SC) tllc effcctivcncss of vi-
l)ratio~l  attctluatio[l strategies at achimillg llallometcr sta-
}Jilizatioll  of ol)tical clcltlmt.s  o~l a large, liglltly-cIalllI)  ccl,
flcxil)lc  structure excited I)y lncchanica] vibrations. ‘1’his
l~al)cr dcscril~cs  tllc tllrec lliodcls and cornI)arcs the prc-
dictcd disturl)arlce tra I]sfcr functio[ls  frol)l  cacll  with t}lc
ac t  Iial IIlcasurcd disturt)aace t rallsfcr fanct ion frolo the
t f’st I)(XI.

2. MPI Testbecl Description
l“igurc  1 snows a bird’s-cyc ~’irw of the tcsthrd which

cotltaitts all tllc s y s t e m s  IIecessary to jwrform a s~)ace-



l~igorc  1: llird’s-eyc view of tile h!l’I ‘1’cstljcd.

based,  opt ica l  intrxferomekr Illeasurclticftt.  I’rorn  tllc m-
tratlce aper tures  a l l  tllc way tl]rougll to tllc olltical de-

tectors, tile stellar hcam I)oullces  off tweilty-sever] ol)tical
surfaces  which arc  distrihutd  across a 7111  truss struc-
ture. ‘1’llrm appendages make u]) the tmsc structure wllicll
i s  colnposed o f  drawmwall alumitluttl st r(its. ‘1’lIc ol)t i-
cal  lnounting desigtl s t r a t e g y  w a s  to grou  IJ tllc c~l)tical
clcluellts t h a t  ~vere close  in l)roximit,y  slid Itloullt  tllcsc

g r o u p s  oll illdel)cllclcllt, locally stiff l)latcs. ‘1’lICSC lJlates
attacllccl  kitlmllatically to tllc s t r u c t u r e .  llacll illdividaal
optic is ]nouutcd  ou a stiff ~nirror  lnount  ~vllicll  clatn])s to
t}le rcsj)ectivc Itloutltillg  l)latc.

‘1’lIc goal for the optical atld structural Inodcl is to ac-
c u r a t e l y  re~)rcsent  tl]c clyltalnics w])icll coul)lc  to tllc dis-
turbance transfer faaction with the lolvcst  lmssil)le  fidelity
mocle].  ‘1’0 cleterlitine  this desired mode] fidelity, tllrcc dif-
ferent N1l’1 structural/ ol)tical lllodels \vcre creakd. A t
leas t  two al~proachcs  exist to change lnodcl ficlclity.  ‘J’hc
first is to place the fidelity ill slwcific  colll~)ollclits  tliougl~t
to be tile majc)r  cont r ibutors  to  t i le  ol)tical Indric cow
l)liag. l~or cxa[nple, ]~lace a large al[loullt  o f  f i d e l i t y  ill
certain tress struts thought, to coul)lc  tlirougl! local II Iodes
to the ol)tical Inctcic wllilc leaving tile regions of ttlc truss
thought  not, to couple, as simple l~caltl clclnelltjs.  ‘1’IIc sec-
ond  apl)roacll is to Icccl) tl)e fldclity colistallt across similar
s t r u c t u r a l  clmncllt,s.  I+’or  cxaln~)lc,  a IIigll f ide l i ty  Inoullt
]nodcl WOUIC1  i m p l y  that, all lnouats arc rcl)rcsclltccl  l)y
dctailcxl  models ,  not, just the mounts tl]ought  to cou I~lc
most closely with the pcrforlnarlce lnetric Altllougll  cacll
~nethod  h a s  iml)ortant implicatiotisj t h i s  study ado})tcd

tile latter of these two approaclics.

W C dcscril)c three models of h’11’l for this study. lTI tllc
f u t u r e ,  Ivc itttend to add more  lnoclcls  to s))all  tlic ~tlodcl
f idel i ty  sI)ace.  ‘J’lIc l,OW l’idclify lIiodcl  uses  a sitnIJlc  ol)ti-
cal It Iodcl,  a sitllI)lc ]IIodel  for tl!c trusses, lnoutltitlg  llar(l-
w a r e  and optical lnounts. ‘1’llc flficl-lf’id(lity lIIodc’1  uses  z~

Illc)rc coIJI~)lex optical lIloclcl,  a sitnplc truss, mom colnplcx
IIlouilti[lg  hardware and sillll)lc ol)tical  lnoullt moclcl.  ‘1’lic
IIigh-1’idclify  ]ILodcl mm a co~ttljlex  ol)tical 1I1OCIC1  }vitll a
colnp]cx truss and Illoulltiug  IIarclwarc  1I1ocIc1.

3. Integrated Model Descriptions
‘1’llc hfI)l iategratd ]liodels co]lsist of a structural fi-

llite clelncnt  model and a linear ol)tical  lnoclel  that are im
tcgratd together. Illtegratd lnoclcling  is performed with

two software packages: Itltegratecl  hlodeling of Optical
SystcIus (lMOS) [5] and the Coat, rollecl O p t i c s  Modeling

l’ackage (COM1’)  [6]. lh!OS is a collection of MN1’I,AI]
]li-film  that can  Iw used to lwrform st ructural  fiaitc cle-
]IIC])! lnodcling  allcl analysis, o~)tical  ray tracing, and thcr-
Illal  analysis. CONI1’ is an oI)tical analysis ancl moclding
])rogratll,  l)roviding geolnrtric  ray-trace, differential ray-
trace, arlcl diflractioll moclelitig  cal)ability. COhIl) coNcem

t ra(m on IJroviditlg  detailed orlt ical moc]els  for integrated
(Icsigll  and atialysis t a s k s . lt) particular, tile cliff wctltial
ray- t race  capabi l i ty  of  COhl I’ cari be used  to  genera te
litlear per turba t ion  lnodcls  of ol~t ical systems [6]. ‘1’hc
structural Inoclel  is generated \vitll  Ihl OS,  whereas both
lhl(X3  atld COhfl’ are u s e d  t o  create t}le ol)tical ]noclcl.
‘1’lic itltcgration and disturbance analysis are performed ill
h! N1’I,All  with tile aicl of lhfoS faactions.

3.1. Structural Model
l’igarc 2 sl)ows  tllc sfrucfural model for both the l,ow

Fidelity and Afid-1’idelity lncde]s. l’igure 3  sllo}vs the
s(r(]cttlral liloclcl for t}le I/ig/t-1,’ificli/y  tnodcl.

M,coPrecisio. Inlerferme!er  Testbed  Mm%  VO 0

!
I 1
, I

(

l~igarc  2: ‘1’IIc I,ow-1’idelity  and  hlicl-l~iclclity  s t r u c t u r a l
IIlodcls.  l)otted liacs show opt ica l  l)ath for Iiow’-l’iclclity
lllodcl.

‘1’tlc low I’iclclily  IIIodcl  consists  o f  tllrec I)calns t o
II)odcl  tllc hll’1 truss, IIlclividual strut proper t ies  tha t
]l~akc UIJ tile actual h!]’]  tcstl)cd t~erc used to  ca lcula te
effect ive l)caln l)rol~crtim.  O1)tical  ~)lates  and i n d i v i d u a l



Ipigurc  3: ‘J’lle lligll-1’’idclity  rnodcl.

coInponclIt arc m o d e l e d  olIly  as Iloitlt  ltlasscs. ‘J>licsc in-
clude t,wo siclcrostat Inasses, t w o  clelay litle  lnasscs, t w o
optical plate masses (which inclucle  all oIJtics  ]]iou IItml 011
them), a Inctrology’  bcaln launclim  ~nass and all i s o l a t i o n
systcnl m a s s .  ‘J’lIe IIIounts for the clcv~lcllts are Illodclccl
as rigid c.o]lnect. icjns to the beams.

‘1’IIc IWid-1’’idclify ]noclcl  collsisk of  t  Iirw Iwaills t o
I11OCIC’I the h!})] truss. indiv idual  s t ru t  ]~ro~)ertics that
make u1) the actual NI 1)1 kstl)cd wrc used to calculate
effective beam proIlcrtics. Ol)tical })]atcs  and ind iv idua l
conlpor]ellt,  are Inodclcd only as point llIasscs. ‘I’l Ic lnounts
f o r  the elelncnts (except the ll)ctrology Iwaltl  lallllcllcr
m a s s  ancl isolatiol)  system Inass) arc Ilo!v lIIoclclcd  as UIE
coupled, six (Iegrec-of-frccclolll  s})rilgs frolo tile cclltcr of
lnass o f  tllc elcrncl~ts  to tllc tmalns. ‘1’110  stifl’llcsscs  for
tllesc sl)rings \Yerc d e r i v e d  froln lliglt  fidc]ity Inodcls o f
tile Colll])onellts.

‘1’IIc IIig}t J’idc.lifyl]lodel consists of I)latc, l)calll, truss,

and r i g i d  body elclncnts modclillg  tlw lmc trwss  struc-
ture and the a t t a c h e d  c.oml)ollrmts  (for l)recise  dcfinitiori
oftllm clenients, sec [5]). ‘J’his ][lodcl  tlas  Imtl I)rcviously
described in [7].

l’or  all Illoclels,  a modal daml)illg  of ().3% is assulncd
f o r  the glol.)al flexil)le-l)ody IIlodcs,  and a dalnl~ing,  wllcre

awowiatel of = 3(XI is assllll~ed  for tile d~~~all~ics associ-
ated with the delay line structure. ‘J’IICSC dallll~ilw  valil~s
are cc)nsistrmt  with estimates obtained frc)lll Inc)dal  tests.

3.2. Optical Model
‘l}]c  o])tjcal Inoclcl begitls w i t h  a  sl)ccificatioll o f

the opt ical prescription. ‘J’his l)rescril)tion inc ludes  tllc
shapes, positions, and orientations of t Ilc ol)tical cleillctlts.
Once tile Ol)tical  prescriptio]l is sl~ccificd,  it is ex])ortcd to
CON41’ where a linear optical n)odcl is crcatfxl. ‘1’llis lillcar
moclrl  is calculated by ~)crforming  all allaly(ic di{lerclltial
ray trace [6]. ‘J’lle optical outl)ut call  lw I)at.ttlettgtll,  !vavc-
f r o n t  tilt, or sj)ot ]Ilotion. l~or this Inodcl  fidelity s t u d y ,

the output  is lmtlllcngth diffcrellcc.

\ ----- ------------ .– ----- --------  I

l’igure 4: ‘J’IIc IIigl)-1’idclity oI~tical  lnodel.

‘1’IIc l,ow Fidfliiy oIJtical Illoclcl ( F i g u r e  2) contaitts
five o~)tical  surfaces: ttvo  siderostats, ttvo  beam combiner
lnirrors, and a  fringe dckctor. ‘1’IIc ~fzd-F’zrfelzty o p t i -
cal IIIodcl  (Ilot  sllolvll)  coritaim ten o~)tical  surfaces:  two
sidcrostats, onc  stwrillg Inirror, four clclay line mirrors,
t w o  healn colnhincr  Inirrors, and a  f r inge detector .  l’i-
]Ially,  the l/igl/ Fideliig  opt ica l  mode] (1’igurc  4) contaim
27 ol)tical surfaces }vllicll matches exactly the number ill
tllc MI’1 tmtl)cd. More  details of tile NI1’I o p t i c a l  t r a i n
arc givetl  ill [8],

3.3. Structural-Optical Model Integra-
tion

Oitcc  tlw s t r u c t u r a l  and o p t i c a l  !node]s llavc bceti
created, tlicy arc integrated to forln a  s t ructura l -opt ical
II Iodcl. ‘J’llis integrated Illc)clel is spcciflcd in f irst-orcler ,
s[atc-sI)acc forln, lencling  itself lnost  easily to analysis  and
control synthesis with misting MKI’l, AI I fulictiom.

h’irst,  tllc s t ructural  lnodcl i s  t runcated  to  remove
I[lodcs  al)ove  the l)altdlvidtl~  ofmImcted  clistur))ancm (i. e.,
al)ovc  900 lIz) [9]. ‘J’lie t r u n c a t e d  m o d a l  Inodel is then
co]lvcrlcd into first-orclcr, state-sl)acc forln [5, 7]. I“inal[y,
tllc Iiriear ol)tical Itlodcl  is iltcorporatrd. ‘J’he r e s u l t i n g
II Iodcl  has clisturhallcc  forces as in~)ut for cxalnplc. ‘J’lIe
outl)ut,  is stellar optical ~)atll difference.

‘1’able 1 gives  all overvimv  ofill]lJortarlt features of each
o f  tllc tllrcc Inodels after itltcgration.

‘1’al)lc 1: Cc)tnlJarisoIl  of Ilu[nlm dcgrccs of freeclom,  liun-
Iwr o f  Inodrw uttder 900 IIz, ar(d numhcr o f  ol)tical elc-
Ill!?llts



4 . Comparison Method
4 . 1 . Approach

Interferometer lJcrformallce  is l)rilnari]y degraded I)y
variation in optical })atlllcllglll difTcrcllcc  (01’1)), i.e., tllc
difference in the dist allces tliat tile light t ravels fmtll tllc
stellar sourm, through each artll of tllc illterfcrolnctcr to
tllc interference optical clckctor. ‘J’llis differcrlcc  ]nust l)c
stahilizccl to the 10 nm  (lihf S) level  ill tllc oli-orl)it luc-
chanical disturhancc cnvirollment. It is cxI)cctcd illat the
domillant clis~urbailce  will be tllc higlt  frcqucl)cy llarlnoll  -
i c s  froln t h e  reactic)ll  wheel  asscmt)lies t h a t  result frolu
bearing imperfections, wllccl  ilnl)alaliccs,  etc.

in  contras t  to  es t imat ing lnodal character is t ics  :is
in [10, 11], disturbance inpLlt (at the rcactioll lvllccl  l~ca-
tion) to stellar 01)1)  outl)ut transfer fLlllctions  }vcrc lnca-
surecl  since they coml)lctely  cllaractcrizc (ill a litlcar sense)

the pmlJagatioll of disturbances to 01’1).  ‘1’llcrcforc,  ill this
St Lldy,  thCSC CliStllrballce  trallsfcr fLlllctiolls  were I)rcclictccl
by tlic three different models and coln[)arcd }vitll tllc lllca-
sLlrcd clistLlrlJance  t ransfer  fLlnctioll  fro~n tllc tcstbcd.

4 . 2 . MPI Measurement
F’i.garc 5 shows the distLlrbalicc illI)at locat ion relative

to the 0} ’1) oLltput  location for the hi 1’1 tcstl~cd.  ‘1’his
disturbance transfer fatlct,  ion was lncasarcd for tllrcc force
dist Llr})at~ce dircctiolls: (x, y, z). AI I 111 ) data alialyzcr was
LIscd to collect  the  data. A  1 0  N  sllakcr, lnoLltltcd  at tllc
l)asc  of tllc tower ,  appliccl  tile force illllut it] cacll  of tllc
three  di rec t ions .  ‘1’hc force itll)ut was lncasLlrccl with a

load ccl] lnoLlntcd  })ctwcc~l t]lc Sllakcr  all(l t}lc s t r u c t u r e .
‘1’lIc allzllyzcr  calculakd tllc trallsfcr  fallctio]l frc)lll  f o r c e

i[l@ tO o~)])  OLltl)Llt.

‘> FRINGE i INPUT
DETECTOR DISTURBANCE
OUTPUT SOURCE

l“igarc 5: IJoc.ations  ofdisturhance illI)ut atlcl 01’1)  oLltlJut
011 the N1l’1 tcstt)ccl.

4 . 3 . Comparison Metric
ltl general on space-based itltcrfcrolnctcrs, ]llccl~alli-

cal disturbances will be citl)cr broadl)alld or IIarrowl)and
lvith  tllc cllcrgy vary ing  over  I)road  frcquel)cy rallgcs as a
fanctioli o f  ti[llc [ 1 2 ,  9]. 111 citltcr case, tllc l)owcr  sl)cc-
tral dcl~sity  o f  the disturl)al~cc is  I)roadl)and. ‘J’llcrcforc,

tllc illtcgratcd lllodcl s h o u l d  he accLlratc  ill a broadhancl
SCIISC. M o r e  sl~ccifically, \vc d e s i r e  f70J)d to be accLlratc,

}Vtlcrc [13]:

(1)

for a hroadt)ancl d i s t u r b a n c e  l)owcr  s p e c t r a l  d e n s i t y ,
d)~(w), a[lcl a  disturbatlce t o  01’1)  t r a n s f e r  fanction,
(:(jJ).

Sillcc  l;quation 1 yields tllc quantity that we wish to
a c c u r a t e l y  I)rcdict, we caTl use  this same equation as a

IIlctric to cllaractcri~c  the measured and IJrcclictcd  trans-
fer functions. A s  o p p o s e d  t o  picking a l~articular  ex-
I)cctcd  d is turbance  ~)owcr sIwctral dens i ty ,  I)alldlilnitcd

wlIIte IIOMC (over  [L+,1i,2, LJ,,,flr ]) is used:

# ~ & “’”a’
9 /

[G’(j.d)12clw
7r L’ ,,, , ,,

(2)

w]lcrc  Ad is tile alnplitude  of tlic t)andlimited white noise
disturhattce p o w e r  s p e c t r a l  dmsity wit])  wr)L~,l  and w,,loT
dcfinirlg  tllc frcquel)cy range of interest. ug is used  instead
c)f crO,,~ ili c)rdcr to stress tliat the result is a metric of tlic
t rallsfcr function itself.

Llsitlg this lnctcic,  the accuracy of tllc ]I1OCIC1  call  l)e
q u a n t i f i e d  by c o m p a r i n g  ag for the I,ouj l’idelity,  iVfz’d-
I’idclily, }Iigll l’idclity  and Illcasurcd t r a n s f e r  f u n c t i o n s .
A s  S u c h )  tllc ~)articular value of the disturt)anc.e aml)li-
tLldc is ilnlnaterial. ‘1’hc aml~litLldc  is CILOSCH  so that the
variance of tl]c  disturhallce is one.  ‘1’his clloicc  is arbitrary,
al,~l t,llc \,alllc of Ug has 110 sigtliflcarlce I)y itself. It is tllc

comparison oft IIc Inctrics for corresJ)onding measured and
~)rcdictcd  t rallsfcr fanct ions  t I]at is meaningful.

4 . 4 . Results
‘1’hc ]IIodulLls of the lncasurcd transfer function, alollg

w i t h  tile corrcsl)onding predic ted  trallsfcr fLlnctions,  arc
SIIOWI1  for t)lc  z-force input distLlrballce to 0111) oLltpLlt
case (l~igares 6-8).  ‘1’hc ~)rcdictcd  transfer functions were
c a l c u l a t e d  by applying standard h! A’I’I, All fallctiom to
the  in tegra ted  lnoclcls  with clisturbance force in])Llt and
0 1)1) output.

‘J’}Ic rcsalts of colnpariso]]s fcjr .2 force inputs arc s}[ow’n
in “J’al)lc 2. ‘1’llc t r e n d s  a r c  Silnilar for tile z allcl y dircc-
t,iolls.

‘1’hc I)arldividth of  in teres t  i s  [4, 9 0 0 ]  IIz. 1IC1OW
4 IIz the force capability of the shaker is limited and
tllc tcstl)cd susl)cnsioll ~llodcs  I)ollute tllc Incasaretncnt.
Al,ovc  900 Ilz the Inccllallical  clistarbances arc exI)cctcd
to llavc  110 e n e r g y . ‘1’his t~alldwidtll  i s  f a r t h e r  broken
rougll]y into decades atld colllI)arisons are shown for these
“ d e c a d e s . ”  llllits arc not givcll  in the table so as to dis-
cc)uragc  tllc reader frolll attaching sigtlificance to the sep
aratc valacs. All numbers ale Ilormalized  with respect to
tlic rncasarcd values.
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l~igarc  6: ~olnl)arison of lllcasured data froln test  ar t ic le
to IIigll-fidelity model  NI1’1 distarhancc to 01’1)  transfer
futictioll:  z-axis form input.
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1 o“ 10’ 10’ 10’

F,q,ewy  (H,]

Figure  7: ~om~)arison of Incasured data fro~ll test article
to Nlid-fidelity Inodel hl 1’1 dist urlmnce to 01’1)  transfer
function: z-axis force input.

5 . Collcltlsioll/IlltLlre Work
‘1’his I)a})er investigates tile l[lodcl  l)rdictioll cal~alJili-

ties of Inodc]s of varying’ st ractaral and ol)tical collll~lexity.
A metric is used that characterizes ille disturbance transf-
er funct,iolm  over  a t)road frequency rallgc. ‘J’llis Inctric is
sill]ply tllc ex}wctccl  01’1)  var ia t ion  assaltlitig a barldlitm
ited wl[ite Iloisc  d i s t u r b a n c e  input. [~olil])arisoll  of tllf.’
three lnodels shows that a l[igh-jl~clity  lnodcl ]Jredicts test
results well, especially ia tllc 4-100  11x frcqamtcy ratlge. III
the high  freclucllcy  range (100 -900 IIz), tile lligh-fiirlify
]noclcl  Uaclerl)rcdicts. ‘1’llc I,ow-fidcliig  lnode]  snows good
l~erforlllallce in tllc low freqaency rallgc (4 - 10 117) and a
d e g r a d a t i o n  in prxformaace at Iligller  freqacllcics.  ‘1’llis is
t o  }XS exImctcd si~lcc tllc silnplc l)caln IIlodel  wi l l  ca~)ture
.glohal Inodcs wel l ,  but, not  loca l  Illodcs caused I)y indiv-
idual moafits or trms elements .  ‘J’l)c Mzd-jidclzty  ltlodel
added Inoulit,  IIloclcls.  ‘1’his i[lcreased l)crforl~lallce  o f  tllc
m o d e l ,  eslwcially  ia the lnid frcqaeilcy  rattge. Attalysis  o f
th is  range sliows  that ]nost Inouat ]nodcs \verc  located ill

W Z-Force FnF Low Fdal,tv  ld.ued) v% Me35  [sWII
- 6 0  - - — . – — . — - . 7 - - . — -  ‘. ---?-  —  .  ‘-  .—
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l’igarc 8: C;olllparisoll  of lneasared data fro~[l test article
to  l ,o tv- f ide l i ty  IIIOCICI  h!l’1 clisturhance to 01’1)  tramfer
function:  Y-axis force itlput.

I “’’’’’’’’”C’  ~-- :~ 7
L Input 4 - 1[1 )1. 10 - 100  11. 1[1[1 . !![1[1  tlz 4. 900 H,

rlz-axis 1 ,Ow 07{)3

l;orce h! id 1.212 :!%RKT%W
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‘Jh})lc 2: IIroacl})alld  t r a n s f e r  f u n c t i o n  m e t r i c
colnl)arisoll Iwtweea tile low-f ide l i ty  Inodcl, lnid-
fidelity IIIodd,  liigll  fidelity model aacl  lncasLlre[l
tratlsfer fat~ctions  of  tl~e Ml)l ‘1’estl~ed. A l l  num-
Iwrs  llorrnalized \vitll  respect to lneasured valaes.

this rail.gc. Overall, tllc llioclcst  increase ill fidelity frolii
t Ilc l)ou)-jdfiity  to filid-1’’idc~ify  model hcll)ed perforlnance
greatly.  III the f u t u r e ,  Ive itltcnd t o  a d d  lligller ficlclity

lnodels ill our suite of moclels  to judge WIICN adding more
fidelity to Inodels leads to a dilnitlishitl.g rate of returas.
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